Copper wire of 12 cm in length and 1 mm d iameter insulated by tight polyethylene tubes leaving 0.5 cm at one end for connection and at the other end 2 cm fo r coating. The coating solutions were prepared by dissolving 0.01 g ion-exchanger in the minimu m possible amount of tetrahydrofuran (2-3 ml) with 0.19 g powdered PVC and 0.5 ml of Tributyl phthalate or dibutyl phthalate plasticizer. Before coating,
The polished surface of the rods was washed with rinsed water after then HNO 3 , and dried with acetone. the polished surface of each type of the rod was coated with the active membrane by dipping (2 cm for coating) of the exposed end into the coating solution then the film left for about three min on the each wire to dry. By repeated several times the process until a coated plastic membrane of appro ximately 1.0 mm thickness was formed. The prepared CW sensors were ready by soaking them for about thirty min in 1x10 -3 M solution of the CLO drug.
Sensor preparation
The Chemically mod ified (GGO and nano silicate) sensors were prepared by mixing 60% of pure graphite powder with 30.0% tungstic acid, as plasticizer and 10.0% ion pair (Clop -Silicat). Holding Teflon tube (3.0 mm in diameter) was carefu lly packed with the p repared paste. A copper rod was dipped in the center of holding tube and used for electrical connection. The surface of the fabricated sensor was polished to be smooth and shiny using filter paper. The surface was wiped out and the freshly exposed surface was polished on a paper until the surface showed shiny appearance For (GGO) sensor but for silica was mixed about 190 mg o f PVC with 5.0 mg of PYR-TPB ion pair and 5.0 mg of other electroactive (nano GO and nano silicate ) such as CLO -GGO-TS and 0.35 mL of Tributyl phthalate (TBP) or dibutyl phthalate(DBP).and 0.5 ml Tetrahydofuran (THF) was used as solvent mediator for dissolving the electroactive materials.
Construction of the calibration graphs
Different compositions were prepared. The percentages of each ion-pair were changed to cover the ranges of 0.005-5% of CLO. Lower concentration than 1.0 x 10 -8 M was prepared by appropriate dilutions. The measured potential was recorded using the present sensor. Data were plotted as potential versus logarithm of the drug concentration CLO + activity and the resulting graph was used for subsequent determination of unknown drug concentration.
Effect of pH
In batch technique measurements the effect of p H of the test solution on the performance of e ach sensor was investigated by measuring its potential in solutions prepared the concentration of 1.0x10 -4 M by serial dilution. The sample solution pH was monitored simu ltaneously with a conventional glass pH sensor ( Jenway Q11C ). The emf readings were taken after the potential reached a constant value. The mV-readings were plotted against the pH-values for the different concentrations.
Effect of temperature on the sensor potential
The thermal stability of the sensors with calibrat ion graphs were stud ied covering the range 25-70°C of different test solutiontemperatures. The usable concentration ranges, slope, the response time of the sensor corresponding to each temperature and the standard sensor potentials (E°) were studied. The values of E° were plotted versus (t-25) to the estimation of the thermal coefficients of the sensors. The isothermal coefficient (dE°/dt) of the cell represents the straight line slope obtained by plotting of E°c ell versus (t-25) and was calculated for each sensor by the following equation (Andropov's equation): E°c ell = E°25°C + (dE°/dt) (t-25)
Sensors selectivity
The matched potential method (MPM) [38] was applied as the previously reported method [37] .
The following equation is used to calculate the selectivity values of :
Where: A a− is the initial concentration of drug, adrug is the activity of the added drug and aj is the activity of the added interfering ion producing the same increase in potential. The separate solutions method (SSM) [39] was applied, to confirm (MPM):
Two potential values were measured for the same concentration ofthe drug and the interferents. The selectivity values of pot CLO,J z log K + are calculated using the following equation:
Where: E 1 and E 2 are the sensor potentials of 10 −4 M solution of each of the CLO drug and interfering cation, J z+ , respectively and S is the slope of the calibration graph.
Standard Addition Method:
The standard addition method was emp loyed for determination of mentioned drugs in its dosage forms. The method based on adding small increments of the investigated drug test solution vs. the sensor potential. Each fabricated sensor was immersed into 50 mL drug test solution of unknown concentration and the equilib riu m potential o f E 1 was recorded. Then 0.1 mL o f the s tandard drug solution was added into the testing solution and the equilibriu m potential E 2 was recorded. The concentration of the testing sample can be obtained from the change of potential (Δ E 2 -E 1 ) (38).
Potentiometric determination of CLO
The investigated sensors are used to calculate the concentration of the drug in sample solution; where, small portions (0.1 ml) of standard 10 −2 M CLO solution were added to 50 ml water-containing different concentrations of drug ranging fro m 10 -6 to 10 -4 M or its pharmaceutical dosage form using the follo wing equation:
Where C x is the concentration to be determined, V x is the volu me of the original sample solution, Vs and Cs are the volume and concentration of the standard solution added to the sa mple to be analyzed, respectively, ΔΕ is the change in potential after addition of certain volu me of standard solution, and S is the slope of the calibration graph
In the potentiometric t itrations of the investigated drug, which containing different co ncentration of CLO + was dissolved in 50 ml by bi-distilled water and different volu mes of this solution (1.0-5.0 mL) were taken and subjected against 0.0025 M STA using the sensor(s). Conventional S-shaped curves with first and second plots were used to determine the end points. In addition, standard addition method, special amounts of CLO + were transferred to the cell covering the range from 5.0×10 -8 to 1.0×10 -3 M and the present sensor was used to measure the potential recording. Unknown drug concentration was determined fro m the graph produced by plotting the logarithm of CLO + activity versus the potential.
Determination of CLO in Plavix
For samp ling of tablets, five Plav ix tablets (75mg/tablet) were powdered together to fine powder. An accurately weighed portion was taken from this powder, was added to 50 ml distilled water and the solution was completed to the mark with distilled water then shaken. The standard additions technique was applied for the potentiometric determination.
Content uniformity assay of Plavix tablets [36]
One tablet of Plavix (75 mg/tablet) was immersed in the measuring flask and adjusted to pH1, for measuring each sensor was immediately putted in the sample solution three times and then washed between each individual measurement with distilled water to reach steady potential. The content uniformity was evaluated from the calibrat ion graph by using the mean potential. For the spectrophotometric measurements by employing UV absorbance λ max 240 nm with the standard solution.
Determination of CLO in biological fluids
In serum: One mL of standard drug solution from 1x10 -3 , 1x10 -4 and 1x10 -5 M was added into a three of centrifugation 20 ml stoppered shaking tubes. Each tube containing 9 ml of seru m and 0.1 N acetate buffers was added to serum solution drop wise until the suitable pH obtained. The tubes were shaken well fo r 1 min and 10.0 mL of diethyl ether was added to each tube and centrifuged for 2 min at 1500 rpm. Then, the de-protonated layer was transferred to a 100 mL measuring flask and comp lete to volume using distilled water. The modified sensor was immersed in conjunction with the reference sensor in these solutions and then washed with water between measurements.
The emf produced for each solution was measured by the proposed sensor, and the concentration of Clopidogrel bisulfate was determined fro m the corresponding sensor calib ration and standard addition methods. In s piked urine: For urine analysis, different quantities of the drug and 5 ml urine were transferred to a 100 ml volumetric flask and left stirred for 5min, completed to the mark with doubly distilled water and a small volu me (0.1-2.0 ml) 0.01 M HCl was added to give solutions of pH ranging fro m 3 to 4 and concentrations from 1.0x10 -6 to 5.0x10 -4 M drug. These solutions were subjected to the standard addition method for drug determination.
Dissolution [36]
One tablet of Plav ix (75 mg/tablet) was placed in the vessel of 16 tablet dissolution instruments apparatus 2. In vit ro release study the dissolution mediu m (900 ml of 0.01 M HCl) pH 2.0 was maintained at 37 ± 0.5°C for 2 h. The clopidogrel was kept in hard gelatin capsule so the vessel was rotated at 50 rp m. At appropriate time intervals, the potential values were recorded using the clopidogrel sensor in conjunction with saturated calomel sensor (SCE) reference sensor and the amount of clopidogrel released was calculated fro m the calibration graph. For the spectrophotometric measurements, 5.0 ml aliquots of the dissolution solution were withdrawn, filtered, diluted with 0.01 M HCl and the concentration of samp les was analyzed using UV-vis spectrophotometer (thermo scientific) and the absorbencies were measured at λmax 240 nm. A calibration graph was used for drug release calculation.
Result and Discussion
Composition and performance characteristics of CLO sensors by CHN, IR and mp.
The paste with no exchangers displayed no measurable response towards clopidogrel (CLO + ) ion. For this purpose, the ion-associates of CLO 2 ST, were prepared. The chemical co mposition of the precipitates was identified and confirmed by elemental analysis (C, H, and N) at the tahran research Center. The results are shown in Table 1 . And the IR as shown in Figure 2 , When we co mpare between CLO pur drug ( m.p =259.8°C) with ion pair of (CLO) 2 ST = 288.3° C by digital thermometer which mean that we have new compound prepared
Study binder
The in fluence of the binder type of the characteristics of the studied sensors was investigated by using two binders with different polarit ies including DOP and TBP Different binder/graphite (w/w) rat ios were studied. Table 2a Table 2 a: Co mposition and slope of calibration curves for d ifferent clopidogrel GGOS with binder sensors at 25.0 ± 0.1°C. The sensor with Di as a solvent med iator produced the best response with pure drug A mong the different compositions studied, a sensor GGO containing ion -exchanger co mplex 5.0 wt% CLO 2 ST, 53.9 wt% graphite, 0.1 % wt % GO and 41.0 wt% ST with other sensor NSiO wh ich contain 5.0 wt% CLO 2 ST, 53.9 wt% PVC, and 41.0 wt% ST and 0.1 % wt % n nanoSilicate the parameter show in table 2b, the best response characteristics also the lowest detection limit wh ich (2.63 x 10 -8 )M for modified CLO-NSiOS in TBP binder and(4.3 x 10 -8 )M fo r mod ified CLO-GGOS . Therefore, this composition was used to study parameters of the sensor and the optimu m co mposition for the best sensor was given in Table 3 . The two sensors were chosen in this study and its electrochemical perfo rmance characteristics were systematically evaluated according to IUPAC recommendation [40, 41] .
Reproducibility of the sensor
Co mpared the two mod ified sensors( GGO and NSiO) with coated wire wire sensor , The repeatability of the sensor was examined by subsequent measurements in the range 1.0 x 10 -3 to 1.0 x 10 -5 M CLOsolution The standard deviation for 5 rep licate measure ments of emf was found to be (1.08,1.68,1.67 ) fro m the range solution
The slope of the calibration graph obtained by this sensor was found to decrease slightly after several times of use, which may be attributed to surface contaminations and we found the life time fo r sensor ( 30, 40, 25) day for GGO ,coated wire and NSiO in ( di butyl phthalate) binder with (20,35,23 ) day for GGO ,coated wire and NSiO in (Tri butyl phthalate (TBP) ) binder in table3 and the slope of the calibrat ion graph was found to decrease and we noticed that the slope of the calibration graph obtained by CLO-ST/ GGO was nearly constant by polishing for any time taken days and then starts to decrease gradually without polishing so it consider as a new sensor with every one polis hing to the sensor. After any period of time a new section from the master paste was found to function very properly.
Dynamic response time
The dynamic response time [42] of sensor was tested by measuring the time required to achieve a steadystate potential (within ± 1 mV) after successive immersions of the sensor in a series of drug solutions, each having a 10-fold increase in concentration fro m 1.0×10 -7 to 1.0×10 -3 M. In this study, practical response time was recorded by increasing CLO concentration b y up to 10-fo ld. When the sensor was transferred fro m one concentration solution to another one, it was stabilized to a value higher than its value (8 s), which may be due to its memory effect. The sensor yielded steady potential within 17-25 s for all sensors. This is most probably due to the fast exchange kinetics of association -dissociation of clopidogrel ion with the ionophores at the solution-paste interface. The potential-time plot for the response of the sensor CLO-ST is shown in Figure 3 . 
Effect of pH
The potential pH profile obtained indicates that the responses of the sensors are fairly constant over t he pH range 1.0-10.0 in this range the sensor can be safely used for CLO determination. For quantitative measurements with ion selective sensors, studies were carried out to reach the optimu m experimental conditions. Therefore, the pH range from 1.4 to 3.7 for coated wire with (di and tri) binder, but for GGOS the pH range (1.4 -4.7) for tri binder and (1.4 -10.2) for Di binder. It can be seen fro m Figure 4 that at pH values lo wer than the previously mentioned pH ranges for coated wire, the potential readings increase which can be related to interference of hydronium ion while at pH values higher than pH 4.8, the potential readings decrease gradually due to the formation of free base of the drug and decrease of the protonated species in the test solutions as shown in Figure 4 
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Effect of temperature Thermal stability of the sens ors:
To study the thermal stability of the sensors, calibration graphs (emf, mV vs. p Drug) were constructed at different test solution temperatures covering the range 25-75°C.
The results indicate that the slopes and the R^2 of the calib ration graphs still in the ernstian range in spite of the increase of the temperature of the test solutions up to 55°C as shown in Figure 5a . 
Determination of the thermal coefficient of the sensors:
The potential of ion-selective sensors is usually affected by the temperature of the test solution. A thermally stable sensor is characterized by low thermal temperature coefficient. Th is means thesuccessful applicability o f the sensor over a wide range of temperature, to calcu late the thermal co efficient of the cell (dE°/dt) cell , the standard cell potentials, E°c ell , were determined at different temperatures fro m the respective calibrat ion plots as the intercept of these plots at p Drug = 0. Knowing that E°c ell is related to (dE°/dt) by the equation:
E°c ell = E°25°C + (dE°/dt) (t-25) °C Plot of E°c ell versus (t-25)°C produced a straight, the slope of this line is taken as the thermal coefficient of the cell, as shown in Fig(5b) Fig( 5 b) : the standard potential of the cell containing CLO-ST/ GGOS with changes of test solution temperatures.
Selectivity of the sensor
The selectivity coefficients presented in Tab le 4 indicate that, CLO-GGOST sensor is highly selective to clopidogrel cation. Most inorganic cations do not interfere because of the difference in their mobility and permeability as compared to clopidogrel cation. 
Validation of the proposed method Linearity and detection limit (LOD)
Under the optimal experimental GGOSand NSiOS condit ions, a linear relationship exists between the sensor potential/mV and the logarithm of corresponding concentration of the investigated drug, the value of LOD was indicating that the proposed method is sensitive for detection of very small concentrations of CLO-GGOS in DiBP b inder reaching 4.3 x 10 -8 M and CLO-NSiOS in TBP binder reaching 2.63 x 10 -8 M. The correlation coefficient (r 2 ) and other statistical parameters are listed in Table 5 . 
Interference
Accuracy
The accuracy of the proposed GGOS and NSiOS a method was investigated by the determination of CLO in its pharmaceutical preparations without interfering fro m the co formulated adjuvant as indicated by the mean recovery value of 99.7 ± 1.68 mV/ decade for the GGOS in b inder DiBP and 99.19 ± 1.67 mV/ decade for the NSiOS in b inder DiBP investigated sensor and the GGOS in DiBP bender is better for analysis are listed in Table 5 .
Precision
The precision of the GGOS and NSiOS method measured as percentag e relative standard deviation (% RDS) was tested by repeating the proposed GGOS and NSiOS method for five replicates. The obtained %RSD values were 1.68%, 1.67% for the sensor. The % R.S.D. values are less than 2%, indicating good precision which show in table (6) .
Analytical applications
The standard addition method was proved to be successful for the determination of clopidogrel in its bulk solutions, Plavix tablet (75 mg/tablet) and bio logical fluids such as human serum/urine using its prepared chemically modified GGO and NSiO sensor in table (8) .
Determination of CLO in human serum and urine
The proposed GGOS and NSiOS method was successfully applied to determine CLO in biological fluids and the results obtained are summarized in Tab le (7) . The det ermination of CLO in spiked hu man seru m shows that a wide concentration range of the drug can be determined by the investigated sensor with high precision and accuracy. In urine samples the standard addition technique was applied to overcome the matrix effects in these samples. Also, the response times of the proposed sensors are instant (within 20-22 s) for GGOS in DiBP ,TriBP b inder and (17) (18) (19) (20) (21) (22) (23) (24) (25) for NSiOS in TriBP ,DiBP, so the sensors are rapidly transferred back and forth between the bio logical samp les and the bi-distilled water between measurements to protect the sensing component from adhering to the surface of some matrix components. It is concluded that the proposed sensors can be successfully applied to in v itro studies and for clin ical use. This confirms that the sensitivity and limit of quantificat ion (LOQ) are adequate for determination of clopidogrel bisulfate in pharmacokinetic studies table (5 Linear range (mol.L -1 ) 10 -3 -10 -7 10 -2 -10 -5 10 -3 -10 -7 10 -3 -10 -7 10 -2 -10 -5 10 -3 -10 -7 Lower limit of detection 4.3 x 10 -8 7.11 X 10 -6 3.33x 10 
Determination of Plavix tablet (75 mg/tablet)
In order to assess the validity of the proposed sensor, the standard addition method, calibration curve method and the potentiometric t itration method in table (8) show the determination of CLO in its bulk solutions and tablet. The results also prove the applicability of the three methods for the determination of CLO in the pharmaceutical formulation.
Potentiometric monitoring of Plavix tablet dissolution [43, 44]
The d issolution test was operated at 50 rp m in 900 ml 1.0x10 -2 M hydrochloric acid (simu lated duodenum flu id), and potentiometric clopidogrel sensor was used. The simulated duodenum and the result in table (8) 
Quantification of CLO
In order to assess the validity of the proposed sensor, the analytical applications involve determination of the drug in its bulk powder, pharmaceutical preparation (Plav ix 75 mg) and bio logical fluids (seru m and urine) was applied. Applying the standard addition method [40] , the percentage recovery for determinations of CLO in pure solution, Plavix Tablets and in spiked urine & hu man seru m ranged fro m 98.2-99.3%, 98.0-99.0, 98.3-99.0 and 97.6-98.3 respectively ( Table 7) .
While in Calibration curve method the percentage recovery for determinations of CLO in pure solution and Plavix Tablets are ranged fro m 97.14 -99.34 using coated wire, 97.97-100.57for GGOS and 97.96-100.98 respectively in table (8) .
The potentiometric titrat ion technique usually offers the advantage of high accuracy and precision,a further advantage is that the potential break at the t itration end -point must be well defined. The titration process was carried out manually in aqueous solution containing 2 X 10 -5 M CLO with average recoveries of 98.18-100.02% using GGOS, 97.57-100.37% in Plavix tablets show in table (8) . Note: the official method tested from sulimanya factory for drug using standard method by UV. X ± S.E: Recovery± standard error. t-test is 4.6 at 99.0% confidence limit and 5 degrees of freedom.
Robustness and ruggedness
The robustness method of the CLO-GGOS was examined by changed the aqueous solution to acetate buffer pH (4) and the percentage result were (98.8 ± 1.45, 99.1 ± 1.5,99.2 ± 1.8 )mV/decade for the CLO-ST in DiBP b inder (GGOS , Coated wire and NSiOS) respectively and (98.9 ± 2. 1,99.5 ± 2.4, 98.6 ± 1.45)mV/decade for the CLO-ST in TriBP binder (GGOS , Coated wire and NSiOS) respectively This result was closely in agreement with those obtained from standard drug solution, (Table 5 ).
While the ruggedness or the reproducibility was checked by using another model of pH-meter (Jenway, 3545) was indicated by the results obtained as percentage were (98.9 ± 1.9, 99.3 ± 2.2, 99.2 ± 1.6) mV/decade for the CLO-ST in DiBP binder (GGOS , Coated wire and NSiOS) respectively and (98.9 ± 2.1,99.5 ± 2.4, 98.6 ± 1.45)mV/decade for the CLO -ST in TriBP binder (GGOS , Coated wire and NSiOS) respectively ( Table 5 ).
Content uniformity assay of Plavix tablets
The proposed ISE method described good accuracy and precision for the quality control tests, the content uniformity assay showed that accurate and reproducible results so the sensor can be employed for quantification of clopidogrel and the recovery of CLO-H 2 SO 4 is almost quantitative.
Statistical treatment of results
The results obtained fro m the potentiometric determination of the drug in these real samples. The results of the recoveries of CLO applying the standard addition method, calibration curve method and the potentiometric titrat ion were evaluated statistically and compared with the values obtained with the pharmacopeia method by applying the t-tests ,The values obtained (Table 8) show that the present methods have a precisions. However, the proposed methods are mo re pract ical regarding time of analysis, consumption of solvents and sample pretreat ment requirements for spectrophotometric or chro matographic analysis of clopidogrel bisulfate.
Comparison of the clopidogrel selective sensors
The performance characteristics of the proposed sensor and those of some reported ISE method are presented in Table 5 for co mparison. It is clear that the proposed sensor GGOS and NSiOS is co mparable with most of the reported sensors with regard to working concentration range, response time and low detection limit. Overall evaluation indicates this sensor is more useful in such applications. 
